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Background: Displaced proximal humeral fractures, which used to be treated conservatively in the past,
often had compromised functional results. With the advancement of technology, these fractures are now
more often managed operatively, fulﬁlling the demands of an active and productive life style by the
patients. The aim of this study was to assess the functional outcome of management of proximal humeral
fractures with Philos (Synthes; Johnson and Johnson, West Chester, Pennsylvania, USA) plate ﬁxation.
Methods: In this prospective study, 40 patients aged 18e80 years (mean age 52.4 years) with fractures of
the proximal humerus, including two-, three-, and four-part fractures, were treated by open reduction
internal ﬁxation with Philos plating. Patients were functionally evaluated based on subjective (35 points)
and objective (65 points) parameters as per the constant scoring system.
Results: All these operated patients were followed up for 18e36 months (average 27.3 months). Func-
tional outcome based on the constant scoring system showed excellent results in 20 (50%), good in eight
(20%), and moderate in eight (20%) patients. Four (10%) patients had poor functional results. Out of six
cases of four-part fracture dislocations, avascular necrosis of the humeral head was observed in two
patients. One of these two patients had avascular necrosis of the head along with nonunion of the
fragment to the shaft.
Conclusion: Philos plate ﬁxation for proximal humeral fractures provides good stable ﬁxation with good
functional outcome and minimal complications.
中 文 摘 要
背景: 移位性近端肱骨骨折，從前多採用保守性的治療，往往引致功能缺失的結果。現在因為技術日漸進步，
這些骨折經常以手術作治療，從而達到更佳的效果和使患者能享受更活躍的生活。這個研究的目的是評估以
PHILOS (Synthes，強生公司，美國)鎖定鋼板內固定治療近端肱骨骨折後其功能康復的結果。
方法: 在這個前瞻性研究中有40例，其年齡從18歲至80歲（平均年齡52.4歲）。他們患有兩部分、三部分和
四部分肱骨近端骨折，全以手術開放性復位並Philos鎖定鋼板內固定作治療方法。患者的功能以Constant得
分（CS）系統的主觀（35分）和客觀（65分）參數作評估。
結果: 所有患者在手術後進行隨訪18-36個月（平均27.3個月） 。基於Constant得分（CS）系統功能的評估，
其結果為優有20例（ 50％），良8例（20％）和可8例（20％）。四患者（10％）為功能效果不佳。在6例四
部分近端肱骨骨折脫位中，有兩名患者有肱骨頭缺血性壞死（AVN）。其中之一例其肱骨頭缺血性壞死更延
伸至未癒合的肱骨幹。
結論: Philos鎖定鋼板內固定術對治療肱骨近端骨折，提供了一個穩定的固定方法，其併發症少且有良好的
功能效果。ail.com.
sociation and Hong Kong College of OrthIntroduction
Fractures of the proximal humerus account for 5.7% of all frac-
tures, with an incidence rate of 63 cases per thousand adult in-
dividuals per year.1 Its incidence is increasing due to population
ageing and osteoporosis.2 About 80% of these fractures are stableopaedic Surgeons. Published by Elsevier (Singapore) Pte Ltd. All rights reserved.
Figure 1. (A) Preoperative radiograph showing fracture of proximal humerus. (B)
Postoperative radiograph after ﬁxation with Philos.
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and unstable, and may have disrupted vascular supply.3 The func-
tion of the upper limb is to provide powerful, accurate, and a wide
range of movements for different daily activities. Therefore, the aim
of the treatment is to achieve a good functional outcome. The
nonoperative method gives good results in stable and minimally
displaced fractures.4e6 Operative treatment is necessary for the
management of displaced, unstable fractures and fractures associ-
ated with dislocation.7 Various modalities of operative treatment
for fractures have evolved, which include closed reduction and
percutaneous pinning,8 open reduction, and internal ﬁxation with
various techniques such as tension band wiring,9 transosseous
suture ﬁxation,10 conventional plate,11,12 advanced locking
plate,13e22 nailing,23e25 and hemiarthroplasty.26e28 However, no
single technique has been proved to be ideal. The current recom-
mendation is that fractures of the proximal humerus that are dis-
placed by > 45 or 1 cm should be managed with closed or open
reduction and operative ﬁxation. There are complications such as
inadequate primary stability after minimally invasive treatment of
proximal humerus fractures,9 risk of the humeral head necrosis due
to extensive exposure during insertion of implants, non- or mal-
union, subacromial impingement, plate and screw loosening after
open reduction and internal ﬁxation,8 etc. All these led to the
development of proximal humerus locking plates based on the
principle of locking compression plates.29 The purpose of this study
was to evaluate the results of osteosynthesis of fractures of the
proximal humerus using a Philos plate in terms of fracture union,
range of movement, activities of daily living, and complications.
Materials and methods
This was a prospective cohort study conducted in 40 patients
with fractures of the proximal humerus between January 2008 to
January 2011 at Central Institute of Orthopedics, Safdarjung Hos-
pital. The indications of operative treatment were based on Neer's
classiﬁcation30,31 of proximal humerus fractures. All the adult pa-
tients with closed two- and three-part fractures of the proximal
humerus, irrespective of age, who reported within 3 weeks of
injury were included in the study. In patients with four-part frac-
ture, ﬁxation was performed only when the patients' age was < 60
years. Patients with open and pathological fractures of the proximal
humerus were excluded from the study. Skeletally immature pa-
tients with proximal humerus fractures were excluded from the
study as well. Patients with a past history of surgery in the affected
shoulder were also excluded. All the patients were subjected to
radiographic evaluation. Fine-cut coronal and sagittal computed
tomography scans of the shoulder were performed when intra-
articular involvement was suspected, including articular commi-
nution of the humeral head or suspected glenoid involvement, and
when it was difﬁcult to evaluate on plain radiographs. The infor-
mation obtained from both plain radiographs and computed to-
mography regarding the characteristics of the fractures was used
for fracture classiﬁcation as well as for the intraoperative reduction
manoeuvre.
Operations
The standard deltopectoral approach was used in all cases. Two
surgeons including the senior author were involved in most of the
cases. Fracture fragments were identiﬁed and stay sutures were
placed in the rotator cuff. After freshening the fracture fragment,
fractures were reduced. Temporary ﬁxation with K-wires was per-
formed to hold the fracture reduction. After temporary fracture
reduction was achieved, the precontoured locking plate was posi-
tioned 5e10 mm lateral to the intertubercular sulcus and 10 mmcaudal to the tip of the greater tuberosity. Tuberosity ﬁxation was
carried out through plate holes and sutures. Proximal locking
screws were extended till subchondral purchase. The distal hu-
meral screws were having bicortical purchase (Figure 1).
An image intensiﬁer was used to check the quality of the
reduction, stability of the construct, plate position, and length of
the screws to avoid penetration of the locking screws into the
glenohumeral joint in all the cases. The range of motion was also
checked for any impingement. Once adequate ﬁxation was
conﬁrmed, the wound was closed in layers.
Postoperatively, the arm was immobilised using a shoulder
immobiliser. Wound inspection was performed on the 2nd post-
operative day, and the drain was removed after 48 hours. Sutures
were removed on the 14th postoperative day. All patients were
started on pendulum exercises and gentle range of motion exer-
cises from the 2nd postoperative day, depending on the pain
tolerance of the patients. The patients were followed up for a period
of 18e36 months. They were reviewed on the 3rd postoperative day
and 14th postoperative day, and then at 6 weeks, 3 months, 6
months, 12 months, 24 months, and 36 months. At each follow-up
visit, the patients were examined clinically and radiologically.
Clinical examination included evaluation of the status of surgical
wound, severity of pain, swelling, tenderness, distal neurovascular
deﬁcit, deep infection, and range of movement. X-rays of the true
anteroposterior view, anteroposterior view with the humerus in
internal rotation and external rotation, and lateral scapular view of
the proximal humerus were taken to see fracture reduction, posi-
tion of plate, fracture healing, tuberosity attachment (union),
nonunion, malunion (varus deformity), and avascular necrosis
(AVN). At 3 months, 6 months, 12 months, 2 years, and 3 years, in
addition to the abovementioned evaluations, the patients were
assessed by Constant andMurley shoulder scores,32 which depends
on severity of pain, activities of daily living, and range of motion in
terms of forward elevation, lateral elevation, internal rotation,
external rotation, and strength.
Results
In the present study, maximum numbers of patients were in
their 5th decade of life, with a mean age of 52.40 years. There was a
male preponderance, accounting for 62.5% of the patients (Table 1).
The majority of patients (21 cases) sustained injury due to road
trafﬁc accidents, followed by fall on an outstretched hand (16 cases)
and assaults (3 cases). The majority of the patients (26 patients)
attended the Accident and Emergency Department on the day of
injury themselves, four others reported the day after, the remaining
Table 1
Age and sex distribution of patients (n ¼ 40)
Age (y) Male Female Total
< 40 6 2 8
41e50 3 4 7
51e60 13 3 16
61e70 2 4 6
> 70 1 2 3
25 (62.5) 15 (37.5) 40 (100)
Data are presented as n or n (%).
Table 3
Surgical complications encountered in the series
No. of
patients
Age (y)/sex Type of
fracture
Complications
2 57/M and 56/F 4-part AVN of the humeral head
1 74M 2-part Superﬁcial infection and
wound dehiscence
1 52/F 3-part Subacromial impingement
1 80/M 3-part One screw loosened
1 54/M and 58/F 2-part Secondary varus of 8 and
11 , respectively
1 69/F 4-part Loss of reduction
AVN ¼ avascular necrosis.
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days to 13 days. In the present study, 17 patients (42.5%) had
associated injuries, namely fracture of trochanter, supracondylar
femoral fracture, fracture of ipsilateral tibia, chest injury, and head
injury. Fractures of the patients were classiﬁed according to Neer's
classiﬁcation. There were 20 (50%) patients with two-part, 14 (35%)
patients with three-part, and six (15%) patients with four-part
fractures. Most of the cases in this study were operated within a
period of 0e7 days from the day of injury. The mean follow-up
period was 27.3 months (range 18e36 months). Fractures were
judged to be clinically united when painless, unaided movements
were possible, and there was no tenderness. Fractures were termed
radiologically united when bridging trabeculi were present across
the fracture site covering at least 75% of its circumference. The
average time for radiological union was observed to be 12.3 weeks.
Delayed union was observed in two cases. In both these cases, the
union occurred in 18 weeks without any additional intervention.
Patients were functionally evaluated based on subjective (35
points) and objective (65 points) parameters as per the constant
scoring system. The ﬁnal outcome of the procedure was graded as
excellent, good, moderate, and poor depending upon the scores of
86e100, 71e85, 56e70, and 0e55, respectively. As per parameters
of the Constant scoring system, the overall results were assessed to
be excellent in 20 (50%), good in eight (20%), and moderate in eight
(20%) patients. Four (10%) patients had poor functional results
(Table 2).Complications
No intraoperative or immediate postoperative complications in
the form of neurovascular injuries/complications related to general
anaesthesia were observed in the present study. Some late com-
plications are listed in Table 3.Out of the six cases of four-part
fracture dislocations, AVN of the humeral head was observed in
two patients. One of these two patients had AVN of the head along
with nonunion of the fragment with the shaft. One of the patients
presented with superﬁcial infection and wound dehiscence at the
ﬁrst follow-up visit, whichwas initiallymanagedwith debridement
and aseptic dressing followed by secondary closure after 5 days.
Subacromial impingement was seen in one patient where the plate
was ﬁxed too proximally. There was one case of backing out of a
screw. This was removed after 6 months of surgery. There were noTable 2
Final functional outcome of patients in terms of constant score
Constant score No. of patients Two-part* Three-part* Four-part*
Excellent (86e100) 20 (50) 12 8 0
Good (71e85) 8 (20) 5 2 1
Satisfactory (56e70) 8 (20) 2 4 2
Poor (0e55) 4 (10) 1 0 3
Total 40 (100) 20 (50) 14 (35) 6 (15)
Data are presented as n or n (%).
* Types of fractures.incidences of perforation of articular surface or breakage of a plate
or screw in the present study.
Discussion
Surgical management of displaced proximal humerus fractures
aims at restoring the prefracture functional status of the patients, as
far as occupational and recreational activities are concerned. In the
present series, the fractures were classiﬁed radiologically, accord-
ing to Neer's classiﬁcation.
The majority of cases were having two-part (20 patients) frac-
ture, followed by three-part (14 patients) and four-part (6 patients)
fractures. Two-part fracture was observed to be the most common
fracture pattern in the present study. Similar observations had also
been reported by Bj€orkenheim et al.13 By contrast, Koukakis et al,6
Rose et al,16 Siwach et al,18 and Fankhauser et al29 had reported a
signiﬁcant higher incidence of three-part fractures in their series.
There was a signiﬁcant number of associated injuries in the present
study, with seven (28%) of our patients suffering from additional
fractures. The average interval between injury and surgery in the
present study was 6.24 days. It was primarily due to the patient
presenting late or because some patients taking longer than usual
time for anaesthesia ﬁtness because of pre-existing comorbid
conditions. Various reports in the literature have also indicated an
interval of 2e10 days between the injury and operation.3 The
average time for radiological union in our series was 12.29 weeks.
Delayed union was observed in two patients in whom fracture
healed within 16 weeks without any further intervention. We
observed one case of nonunion along with AVN of the humeral
head. The AVN and nonunion were attributed to fracture disloca-
tion from anatomical neck without a medial hinge.
The average time of union in our study was comparable with
that found in related literature (Table 45,15,19,20).
In our study, at 1-year follow-up, 32 of 40 patients (80%) had
no pain and the remaining eight (20%) patients complained of
mild pain, which was occasional or associated with prolonged
activity involving the shoulder. Fankhauser et al,29 in their series
involving 29 shoulders, reported good pain relief, with an average
constant pain score of 13.9 after 1 year. Though Klitscher et al19
observed 5e35 secondary varus displacement of proximal frag-
ment with a mean of 7 in 19 of 30 patients treated with Philos,Table 4
Time of radiological union
Authors Average time of union
Kilic et al20 10 wk
Klitscher et al19 10.7 wk (75 d)
Monga et al5 11 wk
Nabil et al15 12 wk for 97% of patients
Our study 12.3 wk (86 d)
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normalised constant score. The higher incidence of varus
displacement in their study was attributed to poor bone quality
due to osteoporosis, as the mean age of the study group was 66
years. By contrast, Acklin et al33 observed secondary varus
displacement in only one out of 29 patients, using the same
implant. Fankhauser et al29 observed three cases of secondary
varus displacement of proximal fragment in their series of 29
patients. Korkmaz et al21 also found three such cases in his series
of 41 patients. In the present study of 40 patients, 8 and 11
secondary varus displacement were seen in two patients with
two-part fracture. However, the clinical results were good in one
patient and excellent in the other. There was one case of loss of
reduction or displacement of segments in elderly osteoporotic
patients who suffered loss of reduction at the ﬁrst follow-up visit.
This loss of reduction was attributed to poor bone quality, and an
accidental use of a larger drill bit at the shaft resulted in poor hold
of cortical screws. AVN of the humeral head is a known compli-
cation of proximal humeral fracture, reported most commonly
with four-part fractures. Kilic et al20 used Philos for ﬁxation of
proximal humeral fractures and reported AVN in only one of 22
patients in their series. Korkmaz et al21 did not observe osteo-
necrosis in any of their 41 patients operated using the same
implant. Frangen et al34 reported osteonecrosis in 11 patients (6
were partial and 5 total), and this was associated with a signiﬁcant
drop in the clinical functional score (p < 0.05) in their series of 92
patients. In the literature, the rate of necrosis for three- and four-
part fractures had been between 0% and 50%, depending on the
osteosynthesis procedure.20,21,25,29 In our study, two patients
developed AVN of the humeral head. One of these patients who
developed total osteonecrosis of the humeral head did not have
any soft tissue attached to the head fragment. The results in our
series were comparable to those reported in the literature.25
Sudkamp et al,35 in their analysis of results of a prospective
multicentre observation study on the use of locking proximal
humeral plate, found that the most common complication of the
procedure was intraoperative screw perforation of the humeral
head, which was seen in 21 (14%) of 155 patients. Sproul et al36
also reported 8% incidence of this complication in their systemic
review of 514 patients operated by locking plate ﬁxation of
proximal humeral ﬁxation. However, there was no such case in our
study primarily because of the judicious use of intraoperative C-
arm imaging screening. Most of the patients in the present study
resumed their previous job, except for two. One of the patients
also had trochanteric fracture, which further limited the patient's
activity. Bj€orkenheim et al13 reported that 18 of 23 patients
returned to their previous occupation. The lower rates of com-
plications in our series could be due to strict inclusion and
exclusion criteria, relatively higher percentage of two-part frac-
tures in the series, and also the intraoperative use of C-arm im-
aging. The proximal humerus locking plate provides excellent
ﬁxation to the humeral head and other fragments. It is suitable for
two-, three-, and four-part fractures (not involving humeral head)
in young and elderly patients, provided that correct surgical
technique is used, but randomised trials are needed to compare
different methods of ﬁxation.
Conclusion
The ideal treatment of displaced proximal humeral fractures
remained controversial for several years. The current trends show a
shift towards the use of specially contoured proximal humerus
locking plates. The present study indicates that it is a promising
implant and provides a good functional outcome in proximal hu-
merus fractures. Along with providing a buttressing effect laterally,it can also provide inferomedial support by locking screws, which
prevent varus displacement of proximal fragment in the presence
of medial comminution. Superior functional and radiological out-
comes in patients with displaced proximal humeral fractures
indicate that a proximal humerus locking plate is likely to be a
better option in the management of these fractures.
Conﬂicts of interest
The authors declare that they have no ﬁnancial or non-ﬁnancial
conﬂicts of interest related to the subject matter or materials dis-
cussed in the manuscript.
References
1. Lind T, Kroser K, Jensen J. The epidemiology of fractures of the proximal hu-
merus. Arch Ortho Trauma Surg 1989;108:285e7.
2. Zyto K. Non-operative treatment of comminuted fractures of the proximal
humerus in elderly patients. Injury 1998;29:349e52.
3. Resch H, Povacz P, Frohlich R, et al. Percutaneous ﬁxation of three- and four-
part fractures of the proximal humerus. J Bone Joint Surg Br 1997;79:295e300.
4. Reinhard A, Peter M, Pietro R, et al. Unexpected high complication rate
following internal ﬁxation of unstable proximal humerus fractures with an
angled blade plate. J Orthop Trauma 2006;20:282e9.
5. Monga P, Verma R, Sharma VK. Closed reduction and external ﬁxation for
displaced proximal humeral fractures. J Orthop Surg 2009;17:142e5.
6. Koukakis A, Apostolou C, Taneja T, et al. Fixation of proximal humerus fractures
using the PHILOS plate. Clin Orthop 2006;442:115e20.
7. Zyto K, Ahrengart L, Sperber A, et al. Treatment of displaced proximal humeral
fractures in elderly patients. J Bone Joint Surg Br 1997;79-B:412e7.
8. Ko JY, Yamamoto R. Surgical treatment of complex fracture of the proximal
humerus. Clin Orthop Rel Res 1996;327:225e37.
9. Marin J, Cortes P, Sanchez J. Surgical treatment of three-part proximal humeral
fractures. Acta Orthop Belg 2001;67:226e32.
10. Gorschewsky O, Puetz A, Klakow A, et al. The treatment of proximal humeral
fractures with intramedullary titanium helix wire by 97 patients. Arch Orthop
Trauma Surg 2005;125:670e5.
11. Robinson MC, Page RS. Severely impacted valgus proximal humeral fractures.
J Bone Joint Surg Am 2003;85:1647e55.
12. Wanner GA, Schmid EW, Romero J, et al. Internal ﬁxation of displaced proximal
humeral fractures with two one-third tubular plates. J Trauma 2003;54:
536e44.
13. Bj€orkenheim JM, Pajarinen J, Savolainen V. Internal ﬁxation of proximal humeral
fractures with a locking compression plate: a retrospective evaluation of 72
patients followed for a minimum of 1 year. Acta Orthop Scand 2004;75:741e5.
14. Plecko M, Kraus A. Internal ﬁxation of proximal humerus fractures using the
locking proximal humerus plate. Oper Orthop Traumatol 2005;17:25e50.
15. Ebraheim Nabil A, Vishwas P, Adeel H. Mini-external ﬁxation of two- and
three- part proximal humerus fractures. Acta Orthop Belg 2007;73:437e42.
16. Rose PS, Adams CR, Torchia ME, et al. Locking plate ﬁxation for proximal hu-
meral fractures: initial results with a new implant. J Shoulder Elbow Surg
2007;16:202e7.
17. Gardner MJ, Weil Y, Barker JU, et al. The importance of medial support in
locked plating of proximal humerus fractures. J Orthop Trauma 2007;21:
185e91.
18. Siwach RC, Singh R, Rohila RK, et al. Internal ﬁxation of proximal humeral
fractures with locking proximal humeral plate (LPHP) in elderly patients with
osteoporosis. J Orthop Traumatol 2008;9:149e54.
19. Klitscher D, Blum J, Andreas D, et al. Osteosynthesis of proximal humeral
fractures with the ﬁxed angle PHILOS-plate. Eur J Trauma Emerg Surg 2008;34:
29e36.
20. Kilic B, Uysal M, Cinar BM, et al. Early results of treatment of proximal humerus
fractures with the PHILOS locking plate. Acta Orthop Traumatol Turc 2008;42:
149e53.
21. Korkmaz MF, Aksu N, Gogus A, et al. The results of internal ﬁxation of proximal
humeral fractures with the PHILOS locking plate. Acta Orthop Traumatol Turc
2008;42:97e105.
22. Konigshausen M, Kubler L, Godry H, et al. Clinical outcome and complications
using a polyaxial locking plate in the treatment of displaced proximal humerus
fractures a reliable system? Injury 2012;43:223e31.
23. Mathews J, Lobenhoffer P. Results of the provision of unstable proximal hu-
meral fractures in geriatric patients with a new angle stabilizing antegrade nail
system. Unfallchirurg 2004;107:372e80.
24. Gradl G, Dietze A, Kaab M, et al. Is locking nailing of humeral head fractures
superior to locking plate ﬁxation? Clin Orthop Relat Res 2009;467:2986e93.
25. Wachtl SW, Marti CB, Hoogewoud HM, et al. Treatment of proximal humerus
fracture using multiple intramedullary ﬂexible nails. Arch Orthop Trauma Surg
2000;120:171e5.
26. Robinson CM, Page RS, Hill RM, et al. Primary hemiarthroplasty for treatment
of proximal humeral fractures. J Bone Joint Surg Am 2003;85:1215e23.
V. Sharma et al. / Journal of Orthopaedics, Trauma and Rehabilitation 18 (2014) 89e93 9327. Falborg B, Palm H, Fenger AM, et al. Outcome of cemented Neer II hemi-
arthroplasty in displaced humeral head fractures. Acta Orthop Belg 2008;74:
7e12.
28. Solberg BD, Moon CN, Franco DP, et al. Surgical treatment of three and four-
part proximal humeral fractures. J Bone Joint Surg Am 2009;91:1689e97.
29. Fankhauser F, Boldin C, Schippinger G, et al. A new locking plate for unstable
fractures of the proximal humerus. Clin Orthop Relat Res 2005;430:176e81.
30. Neer II CS. Displaced proximal humerus fractures. Part I: classiﬁcation and
evaluation. J Bone Joint Surg Am 1970;52:1077e89.
31. Neer II CS. Displaced proximal humerus fracture. Part II. Treatment of 3 part
and 4 part fracture displacement. J Bone Joint Surg 1970;52-A:1090e103.
32. Constant CR, Murley AHG. A clinical method of functional assessment of
shoulder. Clin Orthop Rel Res 1987;214:160e4.33. Acklin YP, Jenni R, Walliser M, et al. Minimal invasive PHILOS-plate osteosyn-
thesis in proximal humeral fractures. Eur J Trauma Emerg Surg 2009;35:35e9.
34. Frangen TM, Müller EJ, Dudda M, Arens S, Muhr G, K€alicke T. Proximal humeral
fractures in geriatric patients. Is the angle-stable plate osteosynthesis really a
breakthrough? Acta Orthop Belg. 2007 Oct;73:571e9.
35. Sudkamp N, Bayer J, Hepp P, et al. Open reduction and internal ﬁxation of
proximal humeral fractures with use of the locking proximal humerus plate.
Results of a prospective, multicenter, observational study. J Bone Joint Surg (Am)
2009;91:1320e8.
36. Sproul RC, Iyengar JJ, Devcic Z, et al. A systematic review of locking plate ﬁx-
ation of proximal humerus fractures. Injury 2011;42:408e13.
